Twiddler's syndrome is an uncommon hardware complication involving the lead and pulse generators in cardiac pacemakers and defibrillators, deep brain stimulators, and vagal nerve stimulators.
Introduction
Twiddler's syndrome is a rare hardware complication of implantable pulse generators (IPGs) and is most commonly described as lead retraction with implanted cardiac devices, such as pacemakers and defibrillators.
[1] It was first described in 1968 by Bayliss et al. [2] who reported a single case of a cardiac pacemaker flipping on its long axis resulting in retraction of the leads and coiling around the pacemaker boot. Since then, Twiddler's syndrome has been mostly described with implanted cardiac devices, such as pacemakers and defibrillators, [1] and has also been reported with deep brain and vagal nerve stimulators. [3] [4] [5] [6] [7] [8] [9] [10] Twiddler's syndrome in spinal cord stimulation (SCS) was first reported by Al-Mahfoudh et al. [11] in 2016. The reason why Twiddler's syndrome in SCS has not been reported is unclear. However, considering the reported incidence of about 0.39% by Al-Mahfoudh et al., [11] there is a possibility that it has not been recognized and has been underreported. In the authors' personal series of 187 cases of SCS between 2005 and 2015, we experienced two cases (1.07%) of Twiddler's syndrome.
Case Report Case 1
A 74-year-old female patient presented with a 2-year history of chronic back and buttock pain radiating to the bilateral legs. Her pain developed after a long-level decompression and posterior fixation at T12-L4 for osteoporotic L1 bursting fracture and did not respond to conservative care. Considering the chronic nature of pain and medical intractability, SCS trial with a Tripole 16 ™ paddle lead (St. Jude Medical, Plano, Texas, USA) at T8-T9 was performed. Pain relief exceeding 60% was obtained during trial stimulation. An Eon ™ (IPG; St. Jude Medical) was implanted in her left lower abdominal wall, and chronic stimulation was given in May 2010 [ Figure 1 ]. At the point of IPG implantation, she weighed 85 kg, with a height of 166 cm representing a body mass index (BMI) of 30.8 kg/m 2 .
In November 2011, she complained of aggravated back and leg pain. Loss of telemetry of the IPG was found. A plain X-ray showed that the IPG was turned
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For reprints contact: reprints@medknow.com and short axis) and the status of pacemaker lead (twisting and potential fracturing vs. coiling and retraction). [12] [13] [14] Flipping of the IPG along its long axis commonly results in lead twisting and potential fracturing of the lead while rotation along the short axis of the device results in coiling and retraction of the leads. [1, [12] [13] [14] Short-axis rotation with coiling of the lead around the device has been termed "Reel syndrome." [13] Although the exact pathogenesis of Twiddler's syndrome is still vague, widely accepted explanations are deliberate or subconscious manipulation of the device, spontaneous rotation of the device in the pocket, and the effects of muscle contraction on the implanted device. [1, 12] The ability to "twiddle" an implanted device is believed to relate to an overly large or compliant soft tissue pocket. [12, 15] As such, obesity, old age, and female gender are believed to be increased risk factors of Twiddler's syndrome due to laxity of the subcutaneous tissue. [12, 15] Other predisposing factors mentioned include: psychiatric disorders, developmental delay, weight loss, looping of the lead outside the pocket, abdominal wall implantation, and replacement of an implant in the previous larger pacemaker pocket. [8, 12, 15, 16] In addition, children might also represent a group at increased risk of "twiddling" due to thinner subcutaneous soft tissues, which make the devices more accessible. [1, 12] Twiddler's syndrome in SCS Although Twiddler's syndrome may be well known to cardiologists, its occurrence following implantation of neurostimulators, such as deep brain stimulator and vagal nerve stimulator, is rare. A single-cohort study over along its long axis and the extension wires were twisted [ Figure 1 ]. She denied excessive manipulation of IPG except when adjustment of stimulation intensity was needed. She refused to have a revision surgery, and the SCS hardware was left untouched.
Case 2
A 63-year-old female patient with failed back surgery syndrome underwent a paddle lead SCS at T8-T9 for chronic neuropathic pain of the right buttock and right leg pain along the L5, S1 dermatomes in August 2011. She underwent low back surgery five times including vertebroplasties, decompression and posterior lumbar instrumentation, and fusion at L3-L5. Although more than 50% pain relief could be achieved with initial SCS using a Tripole 8 Six months later, stimulation-induced paresthesia was lost abruptly in her right sole, and no telemetry with the cylindrical lead was found. X-ray revealed distal migration of cylindrical lead and twisting of the distal lead with some rotation of the IPG [ Figure 2] . A revision surgery implanting a new cylindrical lead with untwisting of the distal leads was performed in the original site of the IPG implantation. Adequate stimulation that relieved in the buttock and leg pain was achieved.
Discussion
Twiddler's syndrome
Since the original description by Bayliss et al., [2] there have been multiple cases of Twiddler's syndrome reported in the literature. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Two types of "twiddling" have been reported according to the direction of flipping axis of the IPG (long including 226 patients with deep brain stimulation (DBS) for movement disorders [7] reported a patient incidence of 1.3% (3 of 226 patients) and in 1.4% of leads (5 of 362 leads). Although SCS with similar IPG technology has been widely performed for more than 30 years, the occurrence of Twiddler's syndrome in SCS was first presented early in 2016. [11] Examination of the cohort from 2007 to 2013 revealed only 3 of 550 patients (0.54%) with the radiological and clinical evidence of Twiddler's syndrome. Considering this incidence, we speculate that there may be a possibility that the development of Twiddler's syndrome might have been underreported in SCS [ Table 1 ].
Lead migration is by far the most common complication of SCS malfunction and vertical (craniocaudal) migration is generally known to be more common than lateral (horizontal) migration. [17, 18] The majority of the instances of lead migration require minor reoperation to relocate the lead to its original position, and most will incur the cost of a new lead.
[17] Indeed, we did not figure out the occurrence of Twiddler's syndrome in patient #2 and we thought it a simple, distal migration, and breakage of the cylindrical lead. Cognizant of the report of Al-Mahfoudh et al., [11] we reexamined the kidneys, ureters, and bladder and realized that it should be classified as Twiddler's syndrome, a rare complication of the IPGs. We admit that we did not pay attention to the position of the IPG and only focused on the distal migration of the lead. Although it is difficult to draw a general conclusion about the relationship between distal migration of the lead and Twiddler's syndrome, we speculate that there is a possibility that this kind of lead migration associated with lead malfunction could have been simply classified as lead migration.
Unlike parameter adjustment in deep brain stimulation performed by medical professionals, there are many instances for the patients in which SCS patients manipulate their IPGs to adjust stimulation intensity and to recharge the IPGs. In addition, unlike the infraclavicular chest wall location of the IPGs for DBS, there is no rigid supporting structure for IPGs in the abdominal wall.
Prevention and management of Twiddler's syndrome in SCS
Since Twiddler's syndrome has been mostly reported in cardiac pacemakers and DBS IPGs, it is hard to suggest specific measures to prevent in SCS. Reported measures to reduce the incidence of IPG displacement and Twiddler's syndrome include suture sleeves, use of prolene mesh or nonabsorbable sutures, fascial anchoring and submuscular placement of the IPG, and limiting the pocket size. [4, 7, 11, 12, 19] All three previously reported cases of Twiddler's syndrome in SCS [11] featured initial IPGs in the gluteal region over the iliac fascia, which were relocated to the lumbar region above the iliac crest anchored to the lumbar fascia. The authors recommended a revision of the IPG with lumbar fascial anchoring because it is less accessible and visible to the patient. However, the experience of Twiddler's syndrome in SCS is limited. Further studies involving more patients are warranted to provide adequate management of Twiddler's syndrome in SCS. Due to the potential adverse effects of "twiddling" any device, and because [11] BMI -Body mass index; FBSS -Failed back surgery syndrome; IPG -Implantable pulse generator; p.s -Case reported in the present series. N/A -Not available (no extension cable used); − -Not involved; + -involved early recognition of "twiddling" might prevent damage, it is important to recognize the radiologic findings and understand the sequelae of "twiddling." [12] Conclusions Although Twiddler's syndrome is a rare complication of implanted devices, its occurrence in SCS might have been underrecognized due to lack of awareness by virtue of its rarity. Cases may have been classified as a simple lead migration or lead breakage. Early recognition of "twiddling" might prevent damage. It is important to recognize the radiologic findings and understand the sequel of this phenomenon.
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